The new species is described and its opisthaptoral hard parts compared to those of G. derjavini. Our molecular analysis of G. derjavinoides and G. derjavini confirmed that the morphological differences between them are species differences and not intraspecific variations. Phylogenetic analysis using the ITS rDNA region placed both species within the subgenus G. (Limnonephrotus) and within the G. wageneri-group, quite in accordance with morphological results. The two species, however, did not cluster as sister taxa. The correspondence between molecular-based clades within G. (Limnonephrotus) and the morphological shapes of marginal hooks within these clades are discussed. The importance of combined molecular and morphological analyses when describing or redescribing Gyrodactylus species is stressed.
Introduction
In 1975, the disastrous problems with Gyrodactylus salaris Malmberg, 1957 in salmon farms and natural waterways in Norway were first revealed. Fear of spread of the parasite prompted investigations to increase knowledge of gyrodactylids infecting salmonids not only in Norway but also in other areas with salmonid populations and salmonid farming. The Gyrodactylus fauna on salmonids was sparsely known and the limited knowledge of differences defining Gyrodactylus species caused problems with species discriminations, e.g. Gyrodactylus species on Salmo trutta trutta. In Western Europe the species here described as G. derjavinoides was called, i.a. G. derjavini 1 .
The first account of G. derjavinoides was in 1958, from S. t. trutta in a fish farm in Western Sweden (Malmberg 1973 (Malmberg , 1993  fig. 7 ). Its opisthaptoral hard parts were documented according to Malmberg (1970) and its protonephridial system mapped. The species was found to be a typical member of the subgenus G. (Limnonephrotus), species group G. wageneri. In 1972, the species was also found on S. t. trutta in natural water and on farmed Oncorhynchus mykiss (Walbaum), Salvelinus alpinus (L.) and S. fontinalis (Mitchill) . Since then specimens of the species have been documented from many different Skóra Stefañski Göran Malmberg et al. 90 OEl¹ski Gyrodactylus species combined morphological and molecular investigations localities and areas (Table I; Malmberg 1991, 1993) , and in Denmark, the species became an important experimental organism (see e.g., Buchmann et al. 1995; Buchmann 1997 Buchmann , 2004 Buchmann and Uldal 1997) .
The opisthaptoral hard parts of G. derjavinoides, especially its marginal hook sickles, are very similar to the opisthaptoral hard parts of G. derjavini. The differences could indicate intraspecific variations, but also to be species differences. As there was little knowledge about these differences until recently, G. derjavini sensu Malmberg et Malmberg, 1987 was used for G. derjavinoides. Drawings in Ergens (1983 and Malmberg (1993) illustrate the differences. For discriminating very similar species of Gyrodactylus, Cunningham et al. (1995a, b) successfully introduced molecular analysis. For the present paper combined morphological and molecular analyses are used.
Materials and methods
The G. derjavinoides material from S. t. trutta and the G. derjavini material from S. t. caspius used for DNA and morphological analyses are presented in Tables I and II . The Swedish material of G. derjavinoides was obtained from the River Dalälven (Middlesweden) and the River MörrumsDn (south-eastern Sweden). Live specimens of S. t. trutta were caught and directly transferred into bottles with 96% ethanol on 22.11.2001 and 23.11.2001 . Ammonium picrate-glycerine slides of Gyrodactylus specimens from these fish were prepared for morphological analyses and molecular examinations carried out on additional specimens. Ammonium picrate-glycerine slides of material from the same rivers from October 1, 1990 and August 6, 1989, respectively were included for comparative morphological studies.
The Scottish material of G. derjavinoides is from the River Don, Aberdeenshire, and was collected on July 28, 1993. Ten ethanol-preserved specimens, secondarily mounted in ammonium picrate-glycerine from this material were studied in detail morphologically. Regarding other material (ammonium picrate-glycerine slides) for comparative studies of G. derjavinoides from other localities, and from temporary hosts, see Table I .
The material of G. derjavini was collected in Iran on two different occasions (Table II) . Specimens from June 1990 were mounted live in ammonium picrate-glycerine. The specimens from May 2002 were collected in 96% ethanol and used for ammonium picrate-glycerine slides or DNA investigations. A number of ethanol specimens were used for both mo- lecular and morphological analyses. The body of such a specimen was dissected from the haptor and used for molecular analysis. The haptor in turn was subjected to partial digestion to allow better visualisation of various species characters. It was placed in a drop of lysis buffer (proteinase K 60 µg per ml, IGEPAL 0.45%, Tween 20 0.45% in TrisHCl 10 mM, EDTA 1 mM, pH 8.0; see Cunningham et al. 2001 ) on a microscope slide, covered with a cover slip, and observed under × 400 magnification until the tissue had partially digested, so the marginal hooks were clearly seen. Then the digestion was stopped by the addition of ammonium picrate-glycerine. The method is similar to that described in Mo and Appleby (1990) and in Harris et al. (1999) , but the digestion presented here is performed with the haptor in the final position between the microscope slide and the cover slip.
The morphological analyses were carried out using oil immersion (× 90 objective), phase contrast and a Leitz drawing equipment (see Malmberg 1970) , a Leica DC 300 digital camera and archiving system. Photographic images of the haptoral hard parts of all specimens and of embryos in the uterus, when present, were stored and printed (LazerPrint system; Reality Imaging System, Munich, Germany) for further analysis. The results were compared to drawings made by means of the drawing equipment (above). Measurements of marginal hook sickles were performed using image analysis (Leica Q-500/W with a Hamamatsu 3 CCD camera, C5810), the sickle area and perimeter by detection, and the other measurements by interactive measuring on a computer screen. The features of opisthaptoral hard parts are shown in Figure 1 . The classification of species based on morphological characteristics follows Malmberg (1970) .
The internal transcribed spacer (ITS) region of the ribosomal RNA gene array was isolated and sequenced from individual Gyrodactylus specimens as described by Cunningham (1997) . Sequences were analysed using Sequencher software (Intelligenetics Corp). Alignment of ITS sequence from specimens of G. derjavinoides and G. derjavini was carried out using the CLUSTAL W multiple sequence alignment program (Thompson et al. 1994) .
To confirm the subgeneric position of the newly sequenced G. derjavini, its ITS sequence was included in phylogenetic analysis with sequences of species from the following four subgenera: G. Table III ). Gyrodactyloides bychowskii (AJ566379) was used as an outgroup for the analysis.
To examine relationships between G. derjavinoides, G. derjavini and other members of the G. wageneri-group, ITS sequences were obtained from the GenBank database for additional Gyrodactylus species of the G. wageneri-group as given by Ziêtara and Lumme (2004) . Only species for which both ITS1 and ITS2 sequences are available were utilised. These species and their accession numbers are listed in Table III . G. gracilihamatus was used as an outgroup for the analysis.
Sequences were aligned and manually edited using the BioEdit program (Hall 1999) . All gaps and ambiguous regions were deleted from the alignment. Maximum likelihood (ML) and neighbor joining (NJ) methods were used to infer phylogenetic relationships. The program PAUP, vers 4.0b10 PPC (Swofford 1999 ) was used to apply the methods. The ML analysis was applied using the best-fit model and parameters generated by ModelTest 3.01 (Posada and Crandall 1998) . The model selected, based on Akaike Information Criterion (AIC) was a General Time-reversible model (TVM + I + G) of DNA evolution with computed gamma distribution rate parameters (0.42 and 0.82 respectively for genus and species level analyses). The likelihood settings generated were also used for calculating the distance matrix in the NJ analysis. A heuristic search was used and nodal support was obtained by 
Results

Morphological analysis
Size differences were found between the marginal hook sickles of G. derjavinoides and G. derjavini (Fig. 2) . The anchors of G. derjavinoides are not as robust as those of G. derjavini.
Comparative drawings of ventral bars and anchors of the two species are presented in Figures 3 and 4 . Measurements of the haptoral hard parts of the two species are presented in Table  IV . The protonephridial system of G. derjavinoides is typical for the subgenus G. (Limnonephrotus), see Malmberg (1970 Malmberg ( , 1998 .
Molecular analysis
The genetic divergence between G. derjavinoides and G. derjavini was represented by a genetic distance of 3.4% (uncorrected pairwise genetic distance) over the entire ITS region once gaps and ambiguous nucleotide positions had been removed (863 nucleotides remaining in alignment). Comparison with genetic distances obtained for other species of the G. wageneri-group indicates that the level of divergence seen between G. derjavinoides and G. derjavini is similar to that seen between previously well defined species of the group (Table V) . Phylogenetic analysis using the ITS rDNA placed G. derjavini within the subgenus G. (Limnonephrotus) and within the G. wageneri-group. Further phylogenetic analysis using species restricted to the "wageneri group" (see Ziêtara and Lumme 2004) , with G. gracilihamatus as an outgroup, grouped G. derjavinoides with G. lucii as previously found by Lumme (2002, 2004) , but the grouping was not well supported. The phylogenetic analysis did not resolve relationships of G. derjavini with other members of the G. wageneri-group. ML and NJ analyses provided low nodal support and different topologies, as did other outgroup species. Tree topologies for all analyses were similar with respect to those grouping with nodal support greater than 50% and were as found previously by Lumme (2002, 2004) . Malmberg, 1964 G. wageneri-group Malmberg, 1970 Amended species group diagnosis: Species with marginal hook sickles of a type similar to that in G. pungitii Malmberg, 1964; fig. 15e, and G. aphyae Malmberg, 1957 (see also Malmberg 1970; fig. 35 ). Ventral bars with short, antero-laterally pointing processes and a triangular ventral bar membrane. Small cirrus spines in a single arched row. Sweden, 06.08.1989, am.picr.glyc ., the same specimen as in Fig. 5B4 . B5 -River Don, Scotland, 28.07.1993, ethanol specimen, the same specimen as in Fig. 5B6 . The anchors of G. derjavini, Iran are more robust than those of G. derjavinoides. Ethanol = ethanol fixed specimen mounted in ammonium picrate-glycerine. Scale bar = 50 µm Other host: S. salar L., temporarily Oncorhynchus mykiss (Walbaum), in fish farms (see also Table I ).
Gyrodactylus derjavinoides
Other localities: River MörrumsDn, at Mörrum fish farm, Sweden (N6229967, E1434389; 56°11´603½N, 14°44´902½E); River Don, Scotland (O.S. NJ6541826084; 57°19´26½N, 2°34´33½W). For further localities, see also Table I .
Record of specimens, morphological analysis: The holotype specimen and 4 other specimens from the River Daläl-ven, Älvkarleby, Sweden were collected on 23.11. 2001, transferred in vivo to 96% ethanol, then prepared for slides in ammonium picrate-glycerine. The opisthaptoral hard parts were drawn, digitally photographed and measured. Five other specimens from the same locality, collected on 01.10.1990, were directly prepared in vivo on slides in ammonium picrate-glycerine, all 5 were digitally photographed, 3 were measured and 2 were drawn (see Table I ). Specimens studied from the River MörrumsDn, Sweden: More than 10 specimens were collected on 22.11. 2001 in ethanol, then prepared for slides in ammonium picrate-glycerine (Table I) . Seven other specimens from the same locality, collected on 06.08.1989, were directly prepared in vivo on slides in ammonium picrate-glycerine (Table I ). The number of specimens photographed, measured and drawn from these slide preparations is given in Table I . Ten specimens from the River Don, Scotland, collected on 28.07.1993 in ethanol were prepared for slides in ammonium picrate-glycerine (Table I) . Regarding data of specimens of G. derjavinoides sp. nov. from other localities in Sweden, Denmark, Norway and Scotland, and from temporary hosts, see Table I . The holotype specimen (Acc. No. 6183) and paratypes (Acc. Nos. River Dalälven 6184-6193; River Mör-rumsDn 6194-6207; River Don 6208-6217; from other localities 6218-6241) are deposited at the Swedish Museum of Natural History (SMNH).
Records of specimens, molecular analysis: The ITS ribosomal spacer region was amplified by PCR and sequenced from 7 specimens from the River Dalälven, Älvkarleby, Sweden, collected on 23.11.2001, and from 6 specimens from the River MörrumsDn, Sweden, collected on 22.11.2001. These specimens were identical in their ITS sequence. The ITS sequence was submitted to the GenBank database under Accession No. DQ357215. The ITS PCR amplification product for G. derjavinoides was approximately 1280 nucleotides in 95   Table III . Gyrodactylus species used in phylogenetic analysis to determine the position of G. derjavini Mikailov, 1975 Table IV . For measurements of coverslip-flattened specimens in ammonium picrate-glycerine, see Table IV ). Haptor delimited from body. Pharynx with long processes. Cirrus situated posteriorly to pharynx, with a single large spine and small spines in a single arched row. Protonephridial system lacking bladders and lateral flames in the main canals. Marginal hook sickle of a similar shape to that of G. derjavini described here (Figs 2 and 5 ) and G. derjavini Mikailov, 1975 (his fig. 25 ) but smaller and not as pointed as in G. truttae Gläser, 1974 (Abb./ fig. 6a not 6b; this paper Fig. 2) ; marginal hook point as in G. derjavini only slightly extending beyond the toe. Ventral bar similar but usually slightly smaller than in G. derjavini with small anterolaterally pointing processes and a triangular ventral bar membrane (Figs 3 and 4) . Anchors of a similar shape as in G. derjavini but more gracile; anchor roots slightly curved to the median line of the body (Figs 3 and 4) . Dorsal bar lacking a median notch (Fig. 3) .
Etymology: The specific name derjavinoides means similar to derjavini. Mikailov, 1975 3 (Figs 2-6 ; Tables II  and IV Record of specimens, morphological analysis: The opisthaptoral hard parts of 2 specimens, collected on 03.05.2002 in 96% ethanol and used for DNA analysis were mounted in ammonium picrate-glycerine and drawn, digitally photographed and measured. Nine other specimens from the collection of 03.05.2002 were mounted directly in vivo in Iran in ammonium picrate-glycerine and were studied morphologically in Stockholm as described previously. Ten more ethanol preserved specimens from that collection were mounted in ammonium picrate-glycerine and studied morphologically in Stockholm. Iranian specimens collected from the same region on 01.06.1990 were likewise prepared and studied in Stockholm (Table II) . The specimens of G. derjavini (Acc. Nos. Iran 84485-84510) are deposited at the Swedish Museum of Natural History (SMNH).
Gyrodactylus derjavini
Record of specimens, molecular analysis: The ITS spacer region of the ribosomal gene array was amplified by PCR and sequenced from 9 specimens collected on 03.05.2002. Two of the specimens sequenced were also used for morphological analysis. All 9 specimens analysed were identical in their ITS sequence. The sequence has been submitted to the EMBL database under Accession No. DQ355975. A PCR product of approximately 1300 nucleotides was obtained following PCR amplification of the ITS region of G. derjavini from S. t. caspius. Sequencing of the product revealed an ITS region 1211 nucleotides in length flanked by partial 18S and 28S rDNA sequence. The ITS1 region was 631 nucleotides, the 5.8S region was 157 nucleotides, and the ITS2 region was 428 nucleotides in length.
Phylogenetic analysis of the sequenced Iranian G. derjavini placed it within the subgenus G. Fig. 6C3-C5 ; the handle in B4 of an exceptional short length. B5 -from River MörrumsDn, Sweden, 06.08.1989, am.pic.glyc. specimen, handle of normal length. B6 -from River Don, Scotland, ethanol specimen, the same specimen as in Fig. 4B5 ; compare Fig. 6D2 . Note: The Swedish specimens in B1-B5 indicate seasonal variations -the marginal hook sickles of the specimens in B1 and B3 -"winter form" -have a larger area/perimeter than that of the marginal hook sickles in B2, B4 and B5 -"summer form", respectively. Ethanol = ethanol fixed specimen mounted in ammonium picrate-glycerine. Scale bar = 30 µm -23.11.2001, ethanol, embryo. B3 -01.10.1990, am. picr.glyc. B3a -adult, B3b and B3c -from the smallest and the largest embryo in uterus. C -from River MörrumsDn, Sweden. C1 and C2 -22.11.2001, ethanol, embryo , two different specimens. C3- C5 -06.08.1989, am.picr.glyc . C3 and C4 -from adults of two different specimens. C5 -from an embryo of a third specimen. Regarding B1-C5 compare Fig. 5B1-B5 . D -from River Don, Scotland, 28.07.1993, ethanol, adult; compare Fig. 5B6. D2 -from Oncorhynchus mykiss, from Argyll, Scotland, 19.10.1982 , am.picr.glyc., adult. E -River EmDn, Sweden, 01.09.1989 picr.glyc. E1a -from an adult. E1b -from an embryo of E1a. F1 and F2 -from Oncorhynchus mykiss, Brrns fish farm, Denmark, 16.05.1972, am.picr.glyc ., marginal hook in F1 from an adult, the two in F2 from an embryo of another specimen. Ethanol = ethanol fixed specimen mounted in ammonium picrateglycerine. Scale bars = 40 µm spine and small spines in a single arched row. Marginal hook sickle of a similar shape as that in G. derjavinoides but larger as in G. derjavini Mikailov, 1975 , and not so pointed as in G. truttae Gläser, 1974 (fig. 6a , not 6b; this paper Figs 2 and 5); marginal hook point, as in G. derjavinoides only slightly extending beyond the toe. Ventral bar similar but mostly bigger than in G. derjavinoides with small antero-laterally pointing processes and a triangular ventral bar membrane (Figs 3  and 4) . Anchors of a similar shape as in G. derjavinoides but more robust; anchor roots slightly curved to the median line of the body (Figs 3 and 4) . Dorsal bar lacking a median notch (Fig. 3) .
Discussion
Since Mikailov's (1975) own drawings (including the marginal hook sickles) in the original description. Thus from a morphological point of view our Iranian Gyrodactylus material represents specimens of G. derjavini. Type material of the species, however, was not present in the Gyrodactylus collection in the Zoological Institute, St. Petersburg, Russia. Mikailov did not define the type locality of G. derjavini but stated that his material was collected in Azerbaijan, the River Kura area, south-western Caspian Sea area. Our material of G. derjavini is from the southern (Iranian) Caspian Sea area. Mikailov stated that his species was found on i.a., Salmo trutta caspius, Salmo gairdneri (i.e., Oncorhynchus mykiss), Chondrostoma cyri and Cyprinus carpio. The two latter hosts are cyprinids and most likely "temporary" hosts. Oncorhynchus mykiss was introduced as eggs to Europe and is most likely a secondary host, with a huge capacity to harbour several European Gyrodactylus species, e.g. the here described G. derjavinoides. Most likely Ergens (1983, fig. 4; 1985, fig. 478; 1992, fig. 2c ) statement that S. t. caspius is the true host of G. derjavini is correct.
Gyrodactylus derjavinoides on specimens of S. t. trutta has been reported from different parts of Western Europe. The parasite seems also to be present on S. t. fario in Poland (Prost 1991 -and judging from morphological examination of specimens from M. Prost in GM's collection). It is also present on S. t. lacustris in the Czech Republic (Ergens 1983 (Ergens , 1985 (Ergens , 1992 ) and on S. t. fontinalis (see Matìjusová et al. 2001) . The northern limit for the species on S. t. trutta seems to be from south-eastern Norway (Tanum 1983 , Mo 1997 ). The species is not reported from Finland (Koski and Malmberg 1995) , which may imply that the River Dalälven area also represents its north-eastern European distribution. G. derjavini, however, is described from eastern Europe and may have a more eastern distribution than G. derjavinoides. The morphological classification of G. derjavinoides and G. derjavini to subgenus and species group agrees with molecular analyses of the species. Previous analyses of the ITS ribosomal RNA region from different Gyrodactylus subgenera (Cable et al. 1999, Ziêtara and placed G. derjavinoides (therein referred to as G. derjavini) in the subgenus G. (Limnonephrotus) and in the "wageneri group" (see Lumme 2002, 2004) . This classification also applies to G. derjavini, the ITS sequence of which is presented here.
On the basis of molecular analysis, fig. 1 ) placed both G. derjavinoides and G. derjavini in a clade, the "wageneri group" which embraces several other members of the G. (Limnonephrotus), e.g. G. pungitii Malmberg, 1964 , G. cernuae Malmberg, 1957 , G. truttae Gläser, 1974 , G. teuchis Lautraite et al., 1999 , G. salaris Malmberg, 1957 and G. lucii Kulakovskaya, 1952 . Another clade includes i.a. the species G. gracilihamatus Malmberg, 1964 , G. jussi Ziêtara and Lumme 2003 , G. kobayashii Hukudu, 1940 and G. macronychus Malmberg, 1957 . The results of Lumme (2002, 2004 ) support Malmberg's (1970, p. 113) opinion, based on the aberrant shape of the marginal hook sickles of, e.g., G. macronychus and G. gracilihamatus, that G. (Limnonephrotus) should be divided into further species groups.
From a morphological point of view, members of each clade have a common basic type of marginal hook sickles. In the clade (including i.a. G. derjavinoides and G. derjavini) the marginal hooks have a broader proximal part (the foot with a distinct toe and heel), broader than that in species of the other clade. In the other clade, in turn the distal part (the point) of the marginal hook sickle is more protruding, see e.g., G. macronychus and G. gracilihamatus. Within the basic type of both clades, the marginal hook sickles exhibit a species specific shape, discriminating it from the marginal hook sickles of other species of the clade.
Within each clade, in turn, there appears to be little correlation between the DNA (based on ITS sequences) and the morphological species differences or similarities. This applies to the present analyses as well as to previous analyses (Cable et al. 1999, Ziêtara and . Thus, based on the present results of genetic distances, G. derjavinoides and G. derjavini though morphologically similar, did not group together. G. derjavinoides grouped with G. lucii (see also Lumme 2002, 2004) .
Since the first molecular studies of Gyrodactylus specimens (see Cunningham et al. 1995a, b ) the existence of several morphologically similar Gyrodactylus species have been confirmed (e.g., Cunningham et al. 2001 , Ziêtara and Lumme 2003 , Huyse et al. 2004 . Our combined morphological and molecular investigations of G. derjavinoides from Western Europe and G. derjavini from the Caspian Sea area likewise revealed the existence of two morphologically very similar species. The methods presented can be used for live specimens as well as for a specimen in ethanol, using the haptor for the morphological and the body for the molecular analyses. Such a combined molecular and morphological approach for analyses of Gyrodactylus specimens, as also recommended by other authors , would help ensure a correct identification of species so that information, incorporating hosts, site, locality, distribution, pathogenicity and other factors, can be accurately discussed and better insights obtained.
